Introduction-Lifestyle change programs implemented within healthcare systems could reach many Americans, but their impact on cardiovascular disease (CVD) remains unclear. The MOVE! program is the largest lifestyle change program implemented in a healthcare setting in the U.S.
INTRODUCTION
Obesity and cardiovascular disease (CVD) are major causes of morbidity, mortality, and healthcare cost in the U.S. 1, 2 Much of this burden is avoidable through management of CVD risk factors, and lifestyle change programs that offer nutrition and physical activity counseling are a recommended prevention strategy. 3, 4 Several large randomized trials have demonstrated that lifestyle change programs can achieve weight loss and reductions in diabetes incidence, [5] [6] [7] and implementation in healthcare settings has been recommended. However, evidence of impact on CVD risk factors is mixed: Few studies have had sufficient sample size to study CVD incidence, and programs translated into healthcare settings are rare. [8] [9] [10] [11] [12] [13] The Veterans Health Administration (VA) is the largest integrated healthcare system in the U.S., serving more than 8 million patients. 14 Eligibility for VA care is based on poverty or disability related to military service. Nearly three quarters of VA patients are overweight or obese 15 and 58% have dyslipidemia, hypertension, or both. 16 The VA's lifestyle change program, MOVE! ® Weight Management Program for Veterans, is the largest such program in the country, with more than 500,000 participants since 2005. 17 MOVE! participation is associated with modest but sustained weight loss 18 and lower diabetes incidence. 19 This study examined the association between MOVE! participation and CVD incidence, including coronary artery disease (CAD), cerebrovascular disease (CBD), peripheral vascular disease (PVD), and heart failure (HF).
METHODS

Data Sample
The VA's Corporate Data Warehouse (CDW) contains data on all veterans receiving care in VA facilities, including demographics, vital signs, diagnoses, procedures, and prescriptions. Data were accessed through the Veterans Informatics, Information, and Computing Infrastructure data processing environment. 20 This secondary data analysis was approved by the Emory University IRB and the Atlanta VA Medical Center's Research and Development Committee.
The MOVE! program involves group-based educational sessions on nutrition, physical activity, and goal setting. 21 Eligible patients who are either obese (BMI ≥30 kg/m 2 ) or overweight (BMI ≥25 kg/m 2 ) with a weight-related health condition (diabetes, hypertension, dyslipidemia, sleep apnea, or osteoarthritis) are referred to the program by their physicians. The standard ten-session core curriculum includes topics such as evaluating portion sizes, walking with a pedometer or modifying exercise for wheelchair users, and overcoming barriers to change (www.move.va.gov/grpSessions.asp). The program was rolled out nationwide with no designated additional funds or staff, and organization varies across VA facilities. 22 Most sessions are in person and group based, although some are offered remotely or one on one. Participants were defined as those who attended at least one session, in any format, as indicated by the use of MOVE!-specific clinic codes in the VA CDW.
From nearly 10 million veterans receiving care between 2005 and 2012 (Appendix Figure  1 ), 4.5 million had at least one outpatient visit per year for at least 3 consecutive years, and were eligible to participate in MOVE! based on weight and health criteria. From these, patients aged >70 years were excluded because MOVE! is not targeted at individuals above this age given uncertainty about adverse effects of overweight. 23, 24 Consistent with a previous study of MOVE!, 18 veterans were excluded if they would be unlikely to be able to participate, such as those with malignant cancer, anorexia, or receipt of hospice care. After excluding those with missing data for key demographic and clinical indicators, and restricting the study population to veterans without CVD at baseline, there were 1,463,003 patients eligible for analysis.
Measures
Incident CVD was identified with ICD-9 and procedure codes for CAD, CBD, PVD, and HF. Total CVD was defined as incidence of any of these four conditions. Additional laboratory and clinical values (systolic blood pressure [SBP], random plasma glucose [RPG], high-density lipoprotein cholesterol [HDL] level, non-HDL cholesterol level) were available for a subset of patients (n=701,930), using the most recent value within 12 months prior to baseline visits. Follow-up measures were recorded as mean values captured within subsequent time windows (6 months, 3-9 months; 12 months, 9-15 months; 24 months, 21-27 months; 36 months, 33-39 months).
Patient's BMI was assessed using clinically measured weight and height, after excluding implausible values (approximately 0.1%). 25 Mean height was used if multiple measures were available. Weight was recorded as the patient's baseline weight. Medical record text was used to classify patients as "current smoker," "former smoker," or "never/lifetime nonsmoker," by updating a previously validated approach. 26 Baseline statin use was determined by any prescription of a statin medication prior to the baseline visit (list available upon request). Illnesses and comorbidities were assessed individually using ICD-9 codes and procedure codes, and also summed using the Charlson Comorbidity Index. 27 Available demographic data included age, sex, race/ethnicity (white, African American, and other, the latter combining Hispanics, Asian/Pacific Islanders, and American Indians/Alaska Natives-each <2% of the population), marital status, and VA facility. An administrative indicator of SES and disability status was used 28 : Disability is assessed by the VA in percentages, with higher percentages indicating more severe disability, and "no disability" indicating that a veteran qualified for VA care based on low SES. Distance to the nearest VA facility offering MOVE! was calculated for each patient, based on distance between the midpoint of the patient's home ZIP code and the coordinates of the nearest facility offering MOVE!.
Statistical Analysis
Descriptive characteristics were calculated for MOVE! participants and non-participants, and bivariate associations were analyzed using ANOVA (continuous variables) and chisquared tests (categorical variables). Least square means were used to obtain mean SBP, HDL cholesterol, non-HDL cholesterol, and RPG over time, among participants compared with non-participants, controlling for baseline value, BMI, age, sex, race/ethnicity, and diabetes status.
After evaluating model assumptions including proportionality, Cox proportional hazards models were constructed to estimate hazard ratios (HRs) for CVD incidence. Robust sandwich covariance matrix estimates were used to adjust for clustering at the clinic level, and models were stratified by baseline diabetes status. 29 In addition to demographic and clinical characteristics, multivariable models were further adjusted for a propensity score that reflected each patient's likelihood of participating in MOVE!. Propensity scores, which help to adjust for differing distribution of baseline covariates between participants and nonparticipants, were calculated on all available demographic and clinical indicators. 30 Baseline was assigned as a veteran's first MOVE! visit for participants and as the first visit at which weight was recorded after January 1, 2005 (the initial year of MOVE! rollout) for nonparticipants. Person time was censored at either the date of CVD incidence or the date of the last recorded VA visit within the study period.
Additional analyses were performed to examine the association between participation and CVD incidence among subgroups likely to have differing CVD risk (sex, race, age, BMI, diabetes status, hypertension status, smoking status, and statin use). Three sensitivity analyses were conducted:
1.
restricted to veterans aged <65 years, in order to exclude predominantly Medicare-eligible patients;
2.
adjusted for baseline year as a categorical variable, to allow for potential differences in management across years; and
3.
separately examining those who met the VA-defined criteria for "intense and sustained" participation in MOVE! (attending eight or more sessions within 6 months, with a span of at least 129 days between first and last attended session), which is a level of participation that has been previously associated with greater weight loss.
Analyses, conducted in 2013-2015, used SAS version 9.2.
RESULTS
Compared with eligible non-participants, participants were more likely to be women, African American, and obese (Table 1) . At baseline, participants had more diagnosed illnesses and risk factors than non-participants, including diabetes, hypertension, and dyslipidemia, and were more likely to have used a statin medication (each p<0.001).
Participants were also more likely to have mental health disorders, including depression, post-traumatic stress disorder, and psychoses (each p<0.001). However, participants were less likely to be current smokers than non-participants (p<0.001).
The median number of attended MOVE! sessions was two, with 54% of participants engaging in only one or two sessions. Twenty-six percent of participants attended three to seven sessions, and 20% engaged in at least eight sessions. Among those with recorded weights available, participants decreased weight by −0.9% and −0.6% at 12 months and 3 years, respectively, whereas non-participants increased weight by 0.2% and 0.6%. In sensitivity analyses, "intense and sustained" participants lost more weight (−3.0% at 12 months, −2.1% at 3 years) compared with less active participants (−0.7% at 12 months, −0.5% at 3 years). Detailed weight loss outcomes associated with MOVE! participation have been described. 18, 19 In this population without baseline CVD, the observed incidence rate of total CVD was 35 per 1,000 person years. Individually, incidence rates of CAD, CBD, PVD, and HF were 21, 8, 7, and 5, respectively, per 1,000 person years. Mean per-patient observation time was 59 months (range, 1-95). In multivariable Cox proportional hazards models adjusting for the aforementioned demographic and clinical characteristics ( Other factors associated with greater incidence of CVD included male sex, current smoking status, higher baseline age, and hypertension ( Table 2 ). In 701,930 patients with available data for baseline SBP, HDL cholesterol, non-HDL cholesterol, and RPG (Table 3) , MOVE! participation was associated with 13% lower incidence of total CVD, indicating an attenuated, but still statistically significant, association after further adjustment for these clinical measures (HR=0.87, 95% CI=0.83, 0.91).
Subgroup analyses were performed to examine possible heterogeneity of effects across sociodemographic and clinical characteristics ( Figure 1 ). Across nearly all categories for sex, age, race/ethnicity, BMI, smoking status, hypertension, and diabetes, an inverse association between MOVE! participation and CVD incidence was observed. No subgroups indicated harm (HR >1). There were variations in degree of benefit associated with MOVE! participation in some subgroups. The inverse association between MOVE! and CVD incidence appeared to be stronger for men (HR=0. Clinical and laboratory data, including SBP, cholesterol, and RPG, are not readily available as ICD-9 codes and are not cleaned in standardized ways across VA facilities. These data were analyzed for a subset of participants with available data, to attempt to examine the biological factors underlying the observed association between MOVE! participation and CVD incidence. At 6 months, participation was associated with slightly lower SBP (−0.63 mmHg), non-HDL cholesterol (−1.59 mg/dL), and RPG (−1.49 mg/dL), after controlling for baseline value, BMI, age, sex, race/ethnicity, and diabetes status (all p<0.001, Appendix Table 2 ), but HDL did not differ significantly between participants and non-participants. Differences between participants and non-participants generally decreased over time between 6 and 36 months. As baseline diabetes was strongly related to risk factors (particularly RPG and non-HDL cholesterol), risk factor results were stratified by diabetes status. "Intense and sustained" participants had lower SBP (−2.72 mmHg), non-HDL cholesterol (−4.98 mg/dL), and RPG (−5.61 mg/dL) at 6 months compared with nonparticipants.
DISCUSSION
The authors observed a significant inverse association between CVD incidence and participation in a national lifestyle change program implemented in a healthcare setting. Participation in MOVE! was associated with 17% lower total CVD incidence after adjustment for clinical and demographic characteristics. For individual CVD outcomes, participation was associated with 19% lower CAD incidence, 13% lower CBD incidence, 11% lower PVD incidence, and 22% lower HF incidence. The association of MOVE! participation with reduced CVD incidence was attenuated, but remained significant, after adjusting for baseline CVD risk factors: SBP, RPG, and cholesterol.
These results are consistent with clinical trials demonstrating modest improvements in cardiovascular risk factors among lifestyle change program participants. 31, 32 The Diabetes Prevention Program Outcomes Study, conducted among people with prediabetes, demonstrated improved CVD risk factors, including SBP and diastolic BP, low-density lipoprotein cholesterol, triglycerides, and HDL cholesterol among all groups, despite lower lipid and BP medication use among lifestyle change program participants. 12 Four-year results of the Action for Health in Diabetes (Look AHEAD) study in diabetes patients revealed improved hemoglobin A1c, blood pressure, and HDL cholesterol. 8 Despite apparent benefit for cardiovascular risk factors, few studies have shown an association between lifestyle change program participation and CVD incidence. Specifically, the present results contrast with those of the Look AHEAD study, in which participants achieved substantial weight loss of 8.6%, and improved their CVD risk factor levels, but did not have reduced CVD incidence. 13 It has been suggested that Look AHEAD findings may have been confounded by differential statin use, and weight loss in the controls (3.5% by the end of the trial). 13, 33 In contrast to the Look AHEAD results, it could be that there was a greater effect among MOVE! participants because non-participants in this population actually gained weight (as opposed to Look AHEAD controls, who lost weight). Although weight loss among participants was very modest in the present study, there may be a substantial metabolic difference inherent in the states of weight loss versus weight gain, reflected in the observed cardiovascular effects.
A recent Cochrane review questioned the ability of multifactorial lifestyle change programs to affect total or CVD mortality among a general population, but did find benefit among trials restricted to high-risk participants with diabetes or hypertension (for fatal and nonfatal CVD events, OR=0.78, 95% CI=0.68, 0.89). 31 The present study population was also high risk based on mean BMI of 32 and approximately 50% with diagnosed hypertension, so results are consistent with this finding. The present results are also consistent with the reduction in cardiovascular mortality over the 17 years following participation in the Da Qing study. 34 The authors observed less benefit among the youngest participants (aged younger than 55 years). This could be due to scarcity of events among both participants and non-participants in this age group. Benefits among younger participants may occur in later years, and thus require a longer period of follow-up. In addition, younger participants generally attended fewer sessions than older participants, which may have lessened the effects of the program. MOVE! sessions are often offered mid-day, which may make it difficult for working adults to participate.
Weight loss was limited among participants, and it is difficult to determine whether the cardiovascular benefit observed herein may be due to unmeasured confounding (discussed below), or other factors such as increase in cardiorespiratory fitness, reduced sedentary time, improved nutrition, avoidance of weight gain, or even mental health benefits such as reduced depression-each of which may have independent cardiovascular benefit. 35 Most of these factors are not captured by the data. However, a large proportion of the population reported depression and other mental illnesses at baseline, and mental health status may affect engagement in MOVE!, weight loss outcomes, and CVD. Weight loss appears to be comparable in MOVE! participants with and without serious mental illness, but participants with depression may lose less weight than others. 36 Future studies could investigate whether MOVE! participation was associated with reduced depression or reduced medication use. Methods to improve participation warrant further study, as more than half of MOVE! participants attended only one or two sessions, and CVD risk factor changes were better among participants who engaged more actively with the program.
Limitations
The strengths of this study include a population large enough to evaluate CVD as an outcome, as well as the use of national data to examine the largest lifestyle change program implemented in a healthcare setting in the U.S. One limitation is the potential for confounding, due to the observational nature of the data. Although it is impossible to rule out confounding by unmeasured factors, detailed electronic health record data allowed for adjustment of known cardiovascular risk factors, and a propensity score approach was used to further minimize confounding by measured variables. A second limitation is many veterans receive care outside of the VA, 37 so some cardiovascular events may not be recorded in VA databases. This is especially true of the Medicare-eligible population, as there is widespread dual use of both VA and Medicare services. 38, 39 However, in analyses restricted to veterans aged younger than 65 years, findings remained consistent. Third, bias could occur if there was differential reporting of CVD events among participants versus nonparticipants, owing to Medicare eligibility or other factors such as proximity or access to VA services. MOVE! participants interacted slightly more frequently with the VA system, which may have increased their relative likelihood of having CVD events recorded; this could substantially bias results toward the null. To minimize this potential source of misclassification of outcomes, analyses were restricted to veterans receiving at least 3 continuous years of outpatient care in the VA, to ensure that all included patients had substantial and consistent contact with the VA system. Fourth, a continuing challenge of the MOVE! program is participation, and the small percentage of the eligible population that participated in MOVE! likely introduced selection bias into the present study, as those who chose to participate may be more health-conscious than non-participants. Further research would be needed to determine whether the program is still associated with reduced CVD incidence if a larger proportion of the eligible population participated.
CONCLUSIONS
This large observational study indicates that participation in a national lifestyle change program, implemented in a routine healthcare setting, was associated with reduced CVD incidence. Lifestyle change programs may be an attractive strategy for healthcare systems to consider as an adjunct to conventional pharmacotherapy approaches for control of CVD risk factors. 
